Introduction
============

The perinatal mortality rate (PMR) is one of the best indicators of the health status of a population in general, and the maternal and neonatal care in particular. To capitalize its significance, it has been believed that The Millennium Development Goal of reducing child mortality by two-thirds by 2015 would be difficult to achieve without reducing the perinatal deaths ([@R1]).

Because of a marked difference in the quality of services for pregnant women and their babies, the perinatal mortality in low income countries is about five-folds higher than in the high income countries ([@R2]). In other words, the poor health care for pregnant women before and during birth and the lack of resuscitative and therapeutic interventions for sick newborns are usually recognized as a factor for the high perinatal mortality in low income countries ([@R3]). It has been also pointed out that multiple socioeconomic and demographic factors play important roles in the rise or decline of perinatal mortality ([@R4]--[@R7]).

Among others, maternal age and level of education at birth, birth intervals less than 2 years, rural life and low income were reported as determinant factors for high perinatal mortality ([@R3], [@R8]). In several demographic and health surveys (DHS) and small scale studies, these variables have been assessed in relation to perinatal mortality. However, the review of the proportion of perinatal mortality in relation to these variables has shown inconsistent results. Similarly, with regard to association of perinatal mortality with age of the mother at birth of the index fetus or neonate, several small scale studies from different countries have also reported inconsistent results ([@R9]--[@R22]).

Firstly, taking the inconsistent findings into account, this meta-analysis was intended to explore the pooled effect of the selected socioeconomic and demographic variables on perinatal mortality in studies included. Secondly, it is known that there are several hospital based studies that have explored the direct and indirect causes of perinatal mortality and have shed light on their magnitudes in different settings ([@R23]--[@R27]). However, to the best of authors\' knowledge, there is no meta-analysis that investigated the association of socio-economic and demographic factors with perinatal mortality in the world.

Thus, the objective of this meta-analysis was to assess the association of perinatal mortality with mother\'s age and level of education at birth, area of residence, household wealth index and birth interval in selected developing countries.

Methods
=======

Search strategy
---------------

A computer based literature search was conducted in the databases of African Journals Online, Google Scholar, HINARI, PUBMED, MEDLINE and the Cochrane Library. The literature search was further strengthened by searching the reference lists of retrieved articles. All the DHS data included in the meta-analyses were retrieved from the MEASURE DHS website. During the search for articles, the following search terms were used: perinatal mortality, early neonatal mortality, stillbirth, countries name, mother\'s residence, age, wealth index, educational level and birth interval of the index fetus or neonate. The selected search terms were combined alternatively with the Boolean logic (AND, OR and NOT).

Inclusion criteria and study selection
--------------------------------------

The predetermined inclusion criteria were: 1) studies that assessed the perinatal mortality in developing countries in relation to sociodemographic predictors and 2) studies published in English and conducted after the year 1990. Study selection was conducted in two stages by both authors independently; first the abstracts of all the retrieved literatures were reviewed and then grouped as "eligible for full document review" and "ineligible for full document review". Secondly, all the literatures grouped as "eligible for full document review" were reviewed in detail and grouped as "eligible for this meta-analysis" and "ineligible for this meta-analysis". When there were disagreements in the grouping of articles, decision was made by discussion and by reviewing the articles together. In this metaanalysis, two types of studies were included: national representative DHSs and small scale studies (not nationally representative).

Data extraction
---------------

Using Excel spreadsheets, data extractions were also performed by both authors using similar data extraction template. From the included small scale studies, the following information was abstracted: name of the first author, year of publication, the country in which the study was conducted, study period, data source, mothers\' age at birth, education level, wealth status, residence and birth interval. Similarly, from the DHS of the selected countries (Azerbaijan, Bangladish, Burkina Faso, Burundi, Ethiopia, Kenya, Ghana, Guyana, Malawi, Maldives, Lesotho, Liberia, Nambia, Nepal, Nigeria, Pakistan, Phillipines, Senegal, Sierra Leone, Tanzania, Uganda, Zambia and Zimbabwee), residence, mothers\' age at birth, birth interval, mothers\' education level and wealth status were abstracted.

Included studies
----------------

In this meta-analysis, national DHSs of 23 developing countries were included; 14 were from Sub-Saharan African countries ([@R28]). As shown in [Figure 1](#F1){ref-type="fig"} (flow chart), perinatal mortality as a search term in PUBMED database has identified 16054 literatures. After screening the titles, the initial literature search for the small scale studies on perinatal mortality has identified 118 potential articles. Depending on the titles and the abstracts proximity to the objectives of this study, 74 articles were retrieved for further screening. After the full document review of all the retrieved articles, 14 articles met the predetermined inclusion criteria of this meta-analysis ([@R9]--[@R22]). Eleven studies of the fourteen were conducted in Sub-Saharan Africa ([@R9]--[@R15], [@R17], [@R19]--[@R21]); the remaining three were from Brazil, Thailand and Bangladesh ([@R16], [@R18], [@R22]), one from each.
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Operational definition
----------------------

As stated by International Monetary Fund and the World Bank ([@R29]), developing countries were defined according to their Gross National Income (GNI) per capita per year. Countries with GNI of US\$ 11,905 and less were categorized as developing countries.

In all DHS, similar parameters were used to assess the wealth status of a household (such as the source of water, type of toilet facility, materials used for housing construction, ownership of various durable goods, ownership of agricultural land, ownership of domestic animals and ownership and use of mosquito nets) ([@R28]).

In line with WHO and UNFPA, this review defines adolescent as the age category of 10--19 years for both female and male ([@R30]). In all DHS and small scale studies, perinatal mortality includes all neonatal deaths of less than seven days of age and fetal deaths after 28 weeks of gestation, which is known as perinatal mortality-I ([@R31]).

Statistical analysis
--------------------

Before the actual meta-analyses were performed, all the socio-demographic variables were dichotomized purposively to make fit for the meta-analysis software. Since a significant heterogeneity was found in the fixed effects model, in all the meta-analyses, the random effects model was used to determine the Mantel-Haenszel odds ratios (OR) and the 95% confidence intervals (95% CI). When the 95% CI did not include the number 1, it was considered as statistically significant. I^2^ statistics was used to assess the heterogeneity of the included studies. I^2^ value greater than or equal to 50% was considered as statistically significant.

Subgroup meta-analyses were performed for the following variables: residence, mothers\' age at birth, mothers\' education level and wealth status. Sensitivity analysis (excluding any of the included studies from the analysis at a time) was also conducted to determine the stability of the overall values to outliers. Publication bias was assessed with funnel plots. All the statistical analyses were performed using Review Manager 5 software (RevMan5).

Results
=======

As presented in [Figure 2](#F2){ref-type="fig"}, in both subgroup DHS and small scale studies, perinatal mortality was significantly associated with mothers\' ages of less than twenty years (overall OR = 1.19; 95% CI, 1.07 to 1.33). Contrary to the overall OR, perinatal mortality in Uganda was associated with mothers\' age of twenty years and above and in six more countries (Liberia, Lesotho, Kenya, Philippines, Guyana and Zimbabwe) and three small scale studies ([@R14], [@R18], [@R22]), more perinatal mortality was observed among women aged 20 years and above.

![Subgroup meta-analysis on association of maternal age at birth with perinatal mortality](EJHS240S-0041Fig2){#F2}

Heterogeneity testing demonstrated the existence of significant inconsistency across the included DHS (I^2^ =73%) and small scale studies (I^2^ = 76%). Nevertheless, within groups difference (DHS vs Articles) was not statistically significant (I^2^ =0%). Sensitivity analysis showed that the subtotal OR for small scale studies did not show statistically significant association with exclusion of any of the six studies ([@R11], [@R12], [@R15], [@R27], [@R19], [@R21]). The sensitivity analysis, however, did not significantly change the overall OR; there was little change in the overall OR with significant change in the subgroup small scale studies OR. The subtotal OR for subgroup DHS analysis also remained stable with removal of any of the DHS data.

As shown in [Figure 3](#F3){ref-type="fig"}, the meta-analysis of perinatal mortality in relation to residence did not show a statistically significant difference between mothers\' rural and urban residence (overall OR = 0.93; 95% CI, 0.83 to 1.05). However, in seven countries DHS (Azerbaijan, Burkina Faso, Guyana, Pakistan, Sierra Leone, Tanzania, and Zimbabwe) and one small scale study ([@R19]), the perinatal mortality was significantly higher in urban than in rural areas. In three countries DHS (Nigeria, Ghana and Philippines), perinatal mortality was significantly higher in rural than in urban areas. Heterogeneity testing revealed the presence of significant variability among the included DHSs and small scale studies (I^2^ = 78%). The sensitivity analysis, however, attested the stability of both the subgroup and the overall ORs.
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[Figure 4](#F4){ref-type="fig"} shows the absence of a statistically significant association of perinatal mortality with the mothers\' educational level at the time of the birth of the index fetus or neonate (overall OR = 1.14; 95% CI, 1.00 to 1.29). However, with the exclusion of one of the DHS data (Bangladesh, Sierra Leone, Guyana, Tanzania, Burkina Faso, Liberia, Azerbaijan and Kenya) favoring high perinatal mortality among women educated to secondary and above level, the overall OR demonstrated a statistically significant association of perinatal mortality with low level of education.
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The subtotal odds ratios did not show statistically significant change with the exclusion of either the DHS or small scale studies; nearly one-third of the DHS data showed an increased perinatal mortality with increased level of mothers\' education while the other one third showed an increased perinatal mortality with low level of mothers\' education. The majorities of small scale studies demonstrated the inverse relation of perinatal mortality with the mother\'s level of education.

In [Figure 5](#F5){ref-type="fig"}, a similar pattern of association was observed with regard to perinatal mortality and wealth index. With regard to sub group DHS data, in some countries (Liberia, Ghana and Tanzania), the perinatal mortality was high among women with high wealth index. In the majority of the countries, however, perinatal mortality was not associated with wealth index. Small scale studies showed a weak association of perinatal mortality with wealth index. In the sensitivity analysis, the OR in the subgroup or overall did not significantly change.
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As shown in [Figure 6](#F6){ref-type="fig"}, birth interval less than 27 months was a strong predictor of perinatal mortality (overall OR = 1.4; 95% CI, 1.24 to 1.50). The odds of perinatal mortality among women who gave birth in less than about two years was more than 1.5 in seven countries (Nepal, Kenya, Malawi, Burkina Faso, Nigeria, Burundi and Zimbabwe). The heterogeneity testing revealed moderate variation among the included DHS data (I^2^ = 57%). The sensitivity analysis has also shown the stability of the overall OR with the exclusion of any of the DHS datum favoring either increased or decreased perinatal mortality.
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[Figure 7](#F7){ref-type="fig"} shows the distribution of perinatal mortality rate against the stratified birth interval. Consistently, the highest and lowest perinatal mortality occurred when the birth intervals were \< 15 and 27--38 months, respectively. Increasing the birth interval to 39 months and above was also consistently associated with increased perinatal mortality.
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Discussion
==========

The overall odds ratios in this meta-analysis demonstrated the association of perinatal mortality with adolescent pregnancy, low level of maternal education (with the exclusion of one of the DHS data) and short birth interval. But, the perinatal mortality was not influenced by area of residence and household wealth index. With regard to increased risk of perinatal mortality among babies of adolescent mothers, although there are studies not included in this meta-analysis indicating that adolescent pregnancy was not associated with increased risks of perinatal mortality ([@R32]--[@R34]), several other studies showed the increased risk of perinatal mortality among adolescent pregnant women ([@R35]--[@R39]).

However, it should be noted that the effect size of adolescent pregnancy on perinatal mortality reported in this review and other primary studies was not big enough to make a strong conclusion. This finding probably indicates the need of further research. Short of this, the reason for the small increase in perinatal mortality among adolescent mothers is the increased risk of obstetric complications in this age category (hypertensive disorders, preterm labor, obstructed labor, intrauterine growth restriction, low birth weight, infections) among adolescent pregnant women ([@R35]--[@R44]). Why obstetric complications are more common in teenagers than in adults is not exactly known. Some speculations are: since adolescent pregnant women still continue growing with high energy demand, they may compete for nutrients with the developing fetus ([@R38], [@R45]); secondly, they are likely to have contracted or poorly developed pelvis, short stature and low weight gain before and during pregnancy ([@R43]).

Furthermore, significant numbers of adolescent pregnancies are unplanned ([@R46]) and associated with higher perinatal mortality and morbidity ([@R47], [@R48]), and less likely to access or receive adequate antenatal care ([@R49]). The finding of more perinatal mortality in some countries among women aged 20 years and above at the birth of the index fetus or neonate might be influenced by expected high perinatal mortality among old pregnant women ([@R50]) or some other factors not controlled in this analysis. Literature review has also shown that there are other socioeconomic factors for increased perinatal mortality among babies of teenage mothers: lack of antenatal care, low educational level, unmarried status, psychological stress, use of illicit drugs and polygamous marriage ([@R32], [@R34], [@R51]).

Otherwise, although several case-control, cross-sectional and retrospective studies consistently reported the strong association of perinatal mortality with living in rural areas and low socioeconomic status ([@R3], [@R50]--[@R54]), this analysis did not show statistically significant association of perinatal mortality with these variables.

By design, since all the DHS data were collected for five years preceding each survey, the chance of recall bias is also expected to be high in all areas but may be more in the rural areas and less educated persons. As a result, some of the perinatal deaths might have been under reported in the rural areas. It has been already noted that most perinatal deaths in developing countries are unseen and undocumented since the majority of births take place at home ([@R3], [@R55]--[@R57]).

On the other hand, although the overall odds ratio demonstrated a statistically significant association of perinatal mortality with maternal primary or no education levels (with the exclusion of one of the DHS data), mainly due to the pool effect of small scale studies ([@R9],[@R12]--[@R14], [@R16]--[@R18]), the DHS data were not consistent; the perinatal mortality report of the ten countries was almost the opposite of that of the other ten countries. This is probably additional evidence that strengthens the possibility of an association of perinatal mortality with multiple other socio-demographic and obstetric factors. Despite this limitation and the small effect size observed in this analysis, other small scale studies have also identified low levels of education as an important determinant of high perinatal mortality even in high income countries ([@R51], [@R58], [@R59]).

With regard to association of birth interval and perinatal mortality, literature review has shown that optimal inter pregnancy interval is not exactly known ([@R60], [@R61]). In this meta-analysis, the finding of a very consistent increased risk of perinatal mortality with decreased birth interval in the majority of the included countries may be taken as one of the strongest predictors of perinatal mortality. Small scale studies from developed and developing countries outside Africa have also shown similar results ([@R61]--[@R66]). However, it should be noted that perinatal mortality was also higher in almost all included countries when the inter pregnancy interval was thirty nine months and above. In other words, although it was observed that the peak and nadir of perinatal mortality were with birth interval less than one year and between two and three years, respectively, there was also a consistent increase in perinatal mortality among women who gave birth after long birth interval. The increased risk of perinatal mortality with increased inter pregnancy interval was also reported by several other studies ([@R61], [@R66]--[@R68]).

This meta-analysis has several limitations. Since the meta-analysis softwares do not allow performing multivariate analysis, we were unable to assess the effect of one socio-demographic variable over the other. Secondly, the presence of significant heterogeneity among both DHS and small scale studies and the variation in research design among the included studies may limit the generalizability of the findings to countries where the studies were conducted. Small scale studies not written in English were not included.

In conclusion, as the effect sizes showed, this meta-analysis did not demonstrate a strong association of perinatal mortality with the selected variables. As a result, more robust primary studies are highly recommended to settle the true predictors of perinatal mortality.
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###### 

General characteristics of the included small scale studies

  ----------------------------------------------------------------------------------------------------------------------
  Authors                     Year of\      Study period       Location       Data source        Study design
                              publication                                                        
  --------------------------- ------------- ------------------ -------------- ------------------ -----------------------
  Andargie G et al ([@R15])   2013          November 2009\     Ethiopia       Community based    Prospective cohort
                                            to August 2011                                       

  Diallo et al ([@R16])       2010          June 2006 to\      Burkina\       Community based    Prospective cohort
                                            May 2007           Faso                              

  Ekure et al ([@R17])        2011          June 2002 to\      Nigeria        Health facility\   Prospective cohort
                                            November 2002                     based              

  Engmann C et al ([@R18])    2011          2002 to 2008       Ghana          Community based    Prospective cohort

  Fawole AO et al ([@R19])    2011          October 2004 to\   Nigeria        Health facility\   Cross sectional study
                                            February 2005                     based              

  Abu Habib NA et al\         2011          1999 to 2006       Tanzania       Health facility\   Prospective cohort
  ([@R20])                                                                    based              

  Hinderaker SG et al\        2003          January 1995 to\   Tanzania       Health facility\   Prospective cohort
  ([@R21])                                  March 1996                        based              

  Lansky S et al ([@R22])     2007          1999               Brazil         Health facility\   Prospective cohort
                                                                              based              

  Matendo RM et al\           2011          June--December\    D. Republic\   Community based    Prospective cohort
  ([@R23])                                  2005               Congo                             

  Mo-suwan L et al\           2009          2000 to 2002       Thailand       Community based    Prospective cohort
  ([@R24])                                                                                       

  Nankabirwa V et al\         2011          January 2006 to\   Uganda         Community based    Prospective cohort
  ([@R25])                                  May 2008                                             

  Olatinwo A et al ([@R26])   2000          January 1996 to\   Nigeria        Health facility\   Retrospective study
                                            December 1998                     based              

  Oti SO et al ([@R27])       2011          2003               Nigeria        Community based    Cross sectional

  Pervin J et al ([@R28])     2012          2005 to 2009       Bangladesh     Community based    Prospective cohort
  ----------------------------------------------------------------------------------------------------------------------
